To say that US Native Americans are underrepresented in mathematics is itself an understatement.
In 2010 the census recorded 5.2 million people in the United States who identified as American Indian or Alaskan Native, either alone or in combination with one or more other races. Of those, a mere twelve hold a mathematics PhD. 1 Compare this with Hungary, which has almost twice the population-9.8 million. From 1993 to the present, 460 mathematics PhDs were awarded there. 2 (We looked for the total number of living people with PhDs, but these data were not available.)
Kazakhstan has just over three times the population, 17.8 million, with people in rural and remote areas. Four hundred Kazakhstanis hold PhDs in mathematics. 3 Were we to regard the US Native American/Alaskan Native population as a nation, Hungary and Kazakhstan suggest that we would expect to see between 160 and 244 mathematics PhD holders in that nation. We clearly have a long road to go to match Hungary or Kazakhstan.
But why does this comparison matter? When a distinct group of people, in this case marked by their identification as American Indians or Alaskan Natives, do not participate in mathematics, the question that arises naturally is, "Why?" Biological explanations are both racist and scientifically unsupported, though science took some centuries to
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mathematics. It represents the purest subject for expanding the human mind's capacity for critical thinking and problem solving. As such, mathematics prepares people with tools, mindsets, and techniques to fashion a successful and fulfilling life regardless of professional occupation. 5 The Alliance of Indigenous Math Circles (AIMC https://aimathcircles.org) is devoted to bringing mathematicians and math professionals into direct contact with indigenous students and teachers throughout the United States and abroad in order to improve and strengthen their grasp of and attitude toward mathematics. And AIMC promotes the culture of problem solving within the framework of the indigenous culture, to both promote that culture in its own right and to bring more indigenous people into STEM fields. 6 The AIMC is an initiative that grew out of the Navajo Nation Math Circles project (NNMC, launched in 2012) . NNMC historically has included a number of components including mathematicians visiting schools and running math circle sessions for students, professional development workshops for teachers, and a summer math camp at Diné College in Tsaile, AZ. This work has demonstrated that math circles and summer math camps combining mathematics and indigenous culture led students who were not otherwise considering it to attend a college or university, many pursuing STEM-related degrees. Moreover, five years of the project gave ample opportunity to refine the model, confirming some elements as productive (e.g., mathematician visits to schools, summer camps) and others as more problematic (e.g., school-year pen-pal programs between mathematicians and K-12 students). In 2017, a group of directors from the NNMC project recognized that the model could be shared more broadly, requiring a new direction and adopting a new name that was more inclusive and representative of the mission. Thus, the Alliance of Indigenous Math Circles was born with the purpose of sharing the model with other indigenous communities and to provide a network of support for sustaining the work within and by those communities. get there. 4 Cultural explanations would require assuming some key commonality to all American Indian or Alaskan Native peoples that contraindicated participation in mathematics. Alternatively, one could ask whether or not there exists a "culture of mathematics" that embodies certain norms that constitute a barrier for a group of people. Such questions are beyond the scope of this paper, though the related issue of how people construct their identity relative to tradition, affiliation, and intellectual pursuits and practices is not only relevant, but it informs our model for engaging indigenous communities and mathematicians in mathematical problem solving.
A further important question concerns the issue of whether or not mathematics itself should be an essential part of everyone's education and which outcomes in particular matter most to the education of all. Readers of the Notices probably need little convincing of the importance of mathematics but ought to consider the outcomes and methods of a "school mathematics" (thought of here as typical K-12 curriculum in the United States) versus what they value most when thinking of mathematics. What we, the authors, see as "beautiful mathematics" seems largely to be absent from the encyclopedic techniques and formulas that constitute mathematics curricula in K-16 settings. To us, the "school mathematics," necessary to some extent, is not only an insufficient exposure to mathematics, but by itself paints for the general populace a picture of mathematics incongruent with the beauty and joy that we find in it. As students shape their identities relative to abilities and affinities toward subjects, we want them to value mathematics as beautiful, intriguing, and powerful, and to see themselves as capable and creative practitioners of mathematics.
The Alliance of Indigenous Math Circles (AIMC) helps indigenous communities to provide experiences and infrastructure for students and teachers to realize the beauty and power of mathematics, recognizing that this involves the concomitant valuing of their budding mathematical and indigenous identities (not to mention other identities). By combining work with professional mathematicians and tribal elders, we covalue mathematics and culture so that an indigenous student sees no disjunction between being "indigenous" and a "mathematician"-we are working within culture and identity to try to stimulate a robust next generation of "indigenous mathematicians."
Targeting mathematics has broad implications given the extent to which the "M" supports the "STE" of STEM. While it is true that mathematics is the basis for all STEM fields, it is arguably the most significant prerequisite for success in the world of post-secondary opportunities. And mathematics is far more than the checklist set of skills found in school tribes. Among the facilitators of math sessions was Frederick Peck (University of Montana, Missoula). Fred has been a team member of the Montana Math Teachers' Circle Network, a group that members of AIMC supported during their startup. Peck and colleagues are working with Montana tribal educators and community members to start math circles programs. This process involves patience and a respectful approach. We operate on a strict principle of only working where we are invited and recognizing that true and productive partnerships, while the longer-term goal, come only after the sequence of Invitation Cooperation Collaboration Partnership.
Given the historical traumas endured by generations of tribal members, it takes patience to build the trust and understanding that leads to the initial Invitation stage. As such, expanding the AIMC model requires patience, purpose, and a commitment to ongoing presence. Too often in these communities, initiatives have come and gone, generating the perception of "one-and-done" interventionsfeel-good opportunities that ultimately make the work of developing trust and lasting relationships more difficult. Meaningful partnerships take time, commitment, and acknowledgment that partners come to the table as equals.
Recently, and in reflecting on this principle of Invitation outlined above, we recognized the potential of making the first invitation instead of waiting for an invitation. Rather than waiting to be invited into a community only to hope to share examples of math circles, we instead identify a Champion within a community showing potential interest in AIMC partnership. We invite that Champion to an AIMC event like the successful AIMC Summer Math Camp, and invite them to contribute as they like, to reflect, and to engage after hours in ongoing conversations about the approach and the "goodness of fit" of the AIMC model to the Champion's community. It is an opportunity not unlike a working retreat to engage in conversations with the ChamTo date, the AIMC has had student and teacher participants representing Diné (Navajo), Hopi, and Apache tribes, as well as members of the nineteen Pueblo Tribes of New Mexico. We have had the guidance, support, and participation of elders from the Diné, Hopi, Chickasaw, Choctaw, and Pomo tribes/nations as well as the elders of the American Indian Science and Engineering Society (AISES). The AIMC is therefore a "circle" in its own right, a gathering of those who work to make the discipline and practice of mathematics as diverse and inclusive as possible. 7 The contributions of mathematicians have been generous, and their impact significant. For instance, in March and April 2018, AIMC sponsored three mathematiciansAdnan Sabuwala and Maria Nogin of California State University, Fresno, and Tatiana Shubin of San Jose State University-to run a series of math circle sessions on Diné and Hopi reservations, at two Indian boarding schools (Navajo Preparatory School in Farmington, NM, and Santa Fe Indian School) as well as some rural schools in northern New Mexico. We visited sixteen schools, running two to four sessions in each. Altogether more than 500 students and forty-four teachers attended these sessions and enjoyed the beauty and challenge of doing math circle-style mathematics.
Besides school visits, Tatiana Shubin and Donna Fernandez, a Navajo Prep School math teacher serving as an AIMC Regional Coordinator, ran a workshop for teachers at Tuba City High School (AZ). We also helped to run Julia Robinson Math Festivals at Tuba City Boarding School and Many Farms Community Schools (AZ); hundreds of students from grades 1-8 visited these festivals and had fun sharing the joy of problem solving with one another. Other regional coordinators such as Craig Young (Diné reservation) and LaVerne Lomakema (Hopi reservation) are working within their communities to plan events.
For two years in a row, in 2017 and 2018, the AIMC Math Camp at Navajo Prep School has been attracting talented kids from the Four Corners states to participate in a residential camp for students nominated by their grades 7-12 teachers. The camp combines extensive and challenging math sessions and Native American cultural activities as well as various STEM and physical activities. This year, students enjoyed a field trip to the mine of a local Navajoowned and operated company, the Navajo Transitional Energy Company (NTEC). In both years, the number of applications exceeded our capacity, and we have had to be selective and purposeful in building our summer cohorts.
Most of the thirty-five students at the camp were Diné (Navajo), but we also had students from Hopi and Apache In Summer 2018, one such Champion from Alaska was Ann Cherrier, a math teacher interested in building math circles within her community and with a focus on schools and teachers who primarily serve Alaskan Native students. Yet another part of our vision for changing the culture of mathematics recognizes that there is important work to be done in the mentoring relationship between student participants (usually quite young) and math circle facilitators (often older in years though equally young at heart). Moreover, we recognized that the change we wanted to support within the mathematics community required engaging undergraduate students of mathematics directly. To address this gap, we have taken to including talented undergraduate students from universities across the United States to serve as Junior Mentors. Their job is to interact with the student participants and to share with them their love and enthusiasm for mathematics. Sierra Knavel, an undergraduate mathematics major from Ohio University and 2017 Junior Mentor, commented that "Being a peer mentor at the AIMC Math Camp shaped the way I see how accessibility of mathematics outside of school affects the amount of people who study it later on. Specifically, it reminded me of the critical moments in my youth where math was fun, exciting, and puzzling enough to retain my interest as I grew older. Even though undergraduate math is frustrating at times, the AIMC Math Camp reminded me of the positive reasons why I choose to continue with mathematics!" At the 2018 AIMC Math Camp this role was played by Henry Austin, whose father David Austin is one of the handful of Native Americans holding PhDs in mathematics. Henry's description of his role in the camp is featured below in the "Perspectives." David himself served as our Guest of Honor and delivered a final talk at the camp; his perspective. is similarly included below.
With the help and support of the entire mathematical community, AIMC will continue the work we have started. The AIMC represents a collection of interested and engaged • Maintaining a website with news, materials from the AIMC Math Camp at Navajo Preparatory School, and links to local IMCs. Moreover, starting in 2019, we will have a means for individuals to make financial contributions through the website, supporting our expansion efforts.
• Engaging a Board comprising national leaders with skills and accomplishments in relevant areas such as mathematics, education, indigenous issues, marketing, business, and STEM disciplines. The type of Board and model for meetings/membership was the subject of the meeting, "Founding Board," which met at the 2018 annual AISES meeting in Oklahoma City to help establish a path for the AIMC's future. Short of seeing the camp, the school classroom visits, the teacher professional development workshops, or the festivals, we know of few better ways of understanding the impact of our approach than to hear directly from those who are engaged in this work. What follows is a series of perspectives, and they offer the reader a chance to listen to people's experiences, to value their stories, and to understand that our stories and our efforts grow out of making meaningful connections with one another. Our hope is that their words motivate you, the reader, to think about your story and how it might connect to our efforts outlined here-to build a diverse and inclusive community of mathematical practice. Both authors invite you to share with us your story, your questions, or your interest in participating
Collaboration is key at Summer Math Camp. Participants huddle to debate a solution.
Natanii Yazzie (Participant. High School Student, Gallup, NM):
I have been a participant of the AIMC and NNMC for four years and recently I've been a team captain for three years representing my group and providing feedback for the math camp competition presentations. Through the years of attending the math circles, I've developed a passion for mathematics that truly changed my academic path and ignited an ambition I never knew I had inside of me. I've gained many valuable friendships and connections with professors across the nation with whom I could learn from to better prepare for college. It has been an absolutely eye opening and life changing experience for me, and I wish for other Native groups to attend this amazing program. I found the program to be effective at growing critical thinking skills essential for success in college, and for thriving in both modern and traditional Native worlds.
David Austin (Facilitator and Keynote Speaker. Professor, Grand Valley State University, MI):
For many members of underrepresented groups, education can appear to be a path leading away from one's family and culture and into some new and strange place. Particularly for indigenous students in the American southwest, who frequently deal with poverty, geographic isolation, and limited educational opportunities, education and the opportunities that come with it can often separate families physically or by experience and values. The past two summers, I have had the pleasure of participating in summer math camps for indigenous 6-12th graders. The camps are structured to support students in their own culture. First, a group of mathematicians travels to their land, and, while some students may travel many hours to reach the camp, they share a common background with their fellow campers. Families, particularly parents, are welcomed into the camp as well and participate in the opening and closing ceremonies. Traditional meals served by tribal elders are sometimes on the menu. Every day includes cultural activities, led by Native mentors, that are both fun and authentic. All of this conveys a message to the campers and their families that they belong and are safe.
The mathematical content of these camps is similarly rich. In a typical day, students collaboratively explore problems that require little mathematical prerequisite knowledge; all sciences through their cultures, and the Math Circles help our indigenous youth. Our students rediscover themselves and are confident after going through our program.
LaVerne Lomakema (Regional Coordinator. High School Math Teacher, Keams Canyon, AZ):
As a Native teacher on a Native American reservation, I see the crucial need to stress the importance of the mathematical field in our education system. Most Native communities are already economically disadvantaged, this creates a huge stress on many communities. If students could understand the role of mathematics in their communities and within mainstream society, their opportunities would be endless. The key is to get the kids excited about math and realize the many doors it could open for them in the future. The math circles model is a great opportunity for Native children to look at the field of mathematics in a different context. It gives the students a chance to explore and understand mathematical models. Math circles would be a great opportunity for any Native school. intuitive nature of looking at patterns in our world for understanding. It allows students and teachers the opportunity to think about the math and not just computational and memory skills. Native American communities benefit from this model; teachers and students feel empowered by collaborating and struggling. Dr. Henry Fowler tells students at each camp that our Native communities need leaders and the best way to be a leader is to have a strong educational foundation, and math is the base of the foundation. It makes you feel confident to be that leader.
bring to mathematical problem solving and post-secondary participation in STEM fields. Many of these students are bilingual, speaking their indigenous languages at home and English outside of the home. Bilingual children have been shown to acquire third and fourth languages with easier facility than monolinguals. In our experience, the flexibility of mind required to approach new grammars and vocabularies constitutes a true asset in terms of learning mathematics. Moreover, many indigenous languages reflect embedded philosophies that are radically different from the Western philosophies embedded in English. Being fluent in English and an indigenous language therefore magnifies that flexibility of mind, fostering the kind of creativity that leads to great mathematical discoveries.
Indigenous peoples are bicultural (and often multicultural) by geography and history, navigating every day the norms, traditions, and world views of those cultures. We posit that with two cultures, they have not just average abilities, but extraordinary gifts for learning third and fourth cultures. Mathematics is just such a culture that they can absorb nimbly. The Alliance of Indigenous Math Circles is an effort to bring together many beautiful cultures, knowing that a culture of mathematics, as Craig Young says in his perspective above, always has been part of indigenous culture, and that as cultures mix, they change.
Credits
Article photos are by Bob Klein. Photo of Bob Klein is by Ben Siegel. Photo of Tatiana Shubin is by George Csicsery. students, from grades 6 through 12, are able to work on the same problems. At the same time, these problems are often open-ended and naturally lend themselves to further exploration in considerable depth. At the end of the camp, students participate in a "math wrangle," a friendly competition in which teams of students present their work to the entire group and are assessed on the quality of their presentation.
What's more, the AIMC hosts workshops for teachers in schools with a large Native population and provides support to teachers leading math circles for students in their schools. In short, the goal of the AIMC is to embed meaningful mathematics within indigenous culture and provide support so that it can flourish on its own.
As a member of the Choctaw nation who grew up in Oklahoma, my experiences don't perfectly overlap with those of the campers, but I do know the challenge of working to become a professional mathematician while feeling like "home" is far away. This is something that I'm able to share with the students, and I hope they hear in my story a message that it is possible to learn to live in two worlds at the same time, that there is great meaning to be found in accepting that challenge, and that there are resources to help.
On the final day of the camp, I gave a presentation to students and their families about sunflower seeds and continued fractions. What was particularly pleasing to me was that parents responded to questions that I asked as frequently as students and often with a look of surprise that they were able to contribute. I hope that this gave parents and families an understanding of what the students experienced at the camp and a taste of where they may be headed. While there are more opportunities to expand this work into other indigenous communities, these ideas may be useful as mathematicians reach out to welcome other groups into our discipline.
Perspectives such as these motivate our work and remind us of how much we, the authors and directors of AIMC, are learning as we engage in this effort. One important conclusion we have come to after working with indigenous youths for a number of years is that, while it is easy to look at the statistics on poverty, academic success, STEM participation, and the like, and to construct a model that casts "indigenous" as a deficit, this superficial approach fails to recognize the inherent assets or affordances that indigenous students
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